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VAPOR DEPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a rare-earth magnet using a metal vapor 
deposition by which remarkable deterioration of magnet 
characteristics caused by defects, oxidization, strain or 
the like induced by forming, such as cutting, grinding or 

the like, of an Nd-Fe-B based intermetallic compound I SSkJ^ * lijisKftj 

sintered magnet is prevented and improved, and a ^v^. — i ■ y 

problem involved in use such as a micromagnet and a /^"y - 

powder (used as a bonded magnet) is solved making use t*fY]l "|: * l^^"^^'^ 

of effects inherent in the rare-earth metal. \^Sf ' - * 



SOLUTION: The rare-earth metal is deposited in a V y.^.^ . 1 

formed material or the powder of the Nd-Fe-B based i ^ttte^ Nilg AIK ^ !^^ 

intermetallic compound sintered magnet. The even rare- " ' 

earth metal of a desired quantity is preferentially 

introduced to a surface and a grain-boundary phase due 

to reaction affinity between components constituting the 

magnet and rare-earth metal vapor, by which the fine 

and micro-formed material or the powder of high 

performance for the Nd-Fe-B based sintered magnet is 

manufactured. 



03/12/2008 



mm 

(1 9)[#gfrS] B :*:ll!f#l'Flt ( JP) 

(1 2)i<ii:nmmyj>mm'f-'i^n (a) 

(11)[^g§##]4*^2004-296973(P2004-296973A) 
(43)[^gFlH]2Pl5ei 6^1 0^21 B (2004. 10.21) 

H01F 1/06 
H01F 1/053 

[FIl 

H01F 1/06 A 
H01F 1/04 H 

(21) [aJlll#-^]^gi2003-89965(P2003-89965) 

(22) Ctil)Si0]¥^15i^3^28B(2OO3. 3. 28) 

Cill»JS-^]300011416 
(72)Cf6W#] 

[^RlrXligm]:^|}Rfl^^®Ttiil^ffl^ffi1T@4#^g->t;um^lS5^401#M 
(72)[^0J^] 

(72)[^BJ#] 

[ttRlfXliePJf]^J»»ffigrti>i:±.fflr2- 1 2-203« 

[^-T=i-K(#%)] 
5E040 

[F^-A(##)] 

5E040 AA04 BC01 CA01 HB1 1 HBl 4 



(57)C^S!i«)] 



lof U 




^m^i'^^^tii5Lmitmt<Ds.i^mmi±^mmLxm\immm\ziiRm±mt:i^-iz^M:^ 
it. ^iziti\5im^m^m^unif^&^^mmz}9'oxithn^'ii:^:itx\ mm^mmmomm 

^t^Ndi-Fe-B^±mmit^^m^m^nT^t^:f5}^o 

li^^i izni^Xs i\sLm^mMt:^±m^m(D^ib'ptji<t=hi mi<i±^f^^tLX'^V'^±^tz 

^«t^r% mmommoNd-Fe-Bmm^mM^fzitmmt'^mm^mmizm'^ikmxi^ 

7<Uz'^.^E.TXmm^mii^%itt^<0\z^^U}^mxi^-lzmm-r^Citxm^^^fzlt<? 

'7y^^-^0±mm%tLxm^m^^tzitmm^mzm^i!^L.mm^mAti\Rm^mt(Dj^ 
mmQn.immLxm^m^m\z^m^m^i^-\zmth^ii:.'^tzii5im±m^m^mp^^ 

Nd-Fe-B^±mmit'^^mitmizs^^^m^^nm±mmtLXsm'\immm±m 
m<D^mjsi.xsmmM^m:f3'^^ui^nm^-Tvi^-\zimm^^zt\zj:^).miit±m^m'S:m 

=f-^^tzlt<P=77s^—^lZ%it^-^.Ztl^mm(OBm<DNd-Fe-Bmm^^n^^^tzltf& 



izmmr^^txj^=F'^^tzii<7'y^'^—^(D^mm%tLxm^^^^tzitHiui!^mmizmii^ 
u mm^umti\nm^mt(OKJtm^i±'^mmLxmmmmmizm^±m'&i&i-izmtii^ 

lt*^333,fcl;4l::i3t^-c. i\5LmM0)^mtLxmi&B}^^±m^mxi^^ybt:mi^. ztitm 
mowm<oNd-Fe-B^m^^M^fcitmmt<Dm'^m'S:^n^^p^izM^mA'^.55o 

*>f)850°C-^30*>'=>1 20^m. m-\zmmt^ZtX\ VbtmB^^^tONd-Fe-B^^m 

mit'^m^mMmmti^ut&mzmf^-\i:LibfzsMi^m%^\t^^'r^Nd-Fe-BWt^mm 
±m0±x0m^m\ztii\x. Nd-Fe-B3^^mmit'^!^mitmmmiz^±m^m^i\sLM 

%^n.^M\^±itLtbtzNd-Fe-B^^mr^it^mm^m^Vf^-r^ymo 
±l^a)li^^6lcfct^T. Hd-Fe-Bm^mmit'^^mmmmmiz. igj^^^vb. Eu^tz 

tVs mm\zifnmuzi^m^m<om^mmmm^^x(owji^^it^<i^rsm^mm^^<Di& 
m'^utztx\m%'^^'^^^)'!^±-itL6bfzNd-Fe-B^±mmit'^wm^m^^i^nt^ 

±u<o±x0m^^izisi^x. Nd-Fe-B^m^B^{z^±m±m^i\sL»^^ztx\ mmiz 
n^i^^<p'pv<7tJi^<oxmui^Lt><^mts^. ^tz^±m^m<Dmn^a>miWi<oMmiztsi^xm. 
m^<o^tu^mm^^t^mmi}^M:itx\Nd-Fe~B¥k±mmit-^^m^^m(D^mti 

[0001] 
[0002] 



[0003] 

[0004] 
[0005] 

:SiClS)t1)o«^l::C:a)fifcfi|5l*, J5$1. OmmiilTCONd-Fe-B^^MPBl<b^!|^0/jN*fcl*jl|*5'M 
[0006] 

-Bm^M^B^^b^1^3m14*^5|K^a®(^^IX^•r^-i:■eFe-Zn^^MFB1^b^^l^A«^^I^K$4^. 
^JtlS-rEm6<J''j:3a^mbtL-r> Nd-Fe~B^^MfBl1b^!|^*^^^«a5-ei*aaiC. Zn<DJ|X*(C 

j;yi»m!^i4i*<ST-r^o 

[0007] 

[J^Fi^Xilti ] 

!^g8HH62-74048#(!f#^2ii6-63086-^)^fB 
[0008] 

[J^i'FXMa] 

!^g|Ba2002- 1 05503-§- 
[0009] 

Nd-Fo-B^^mFHl^b^!|^?at4***4(c^LTI*. ^^-Xm (wfc-SJiai::, l&±li^®a>#sS 
W1ilfeii'fef>t>^l-5l#i^<*PMSlCcfey?gS^^#14;5<lHl^^'5t><^(D,1t$t''^ 

[0010] 

*fc, ±150®ill^^Mr'fc'5Zn^M(7)l|X^-C(*s Nd-Fe-B|^^MFHHb^!KD?K14*?JisKc^ 
[0011] 

[^e*«^-r^yc«)a>¥S] 



4 of II 



[001 2] 



[0013] 
[0014] 

1 79rctit^m%itLm<. #lcYb(Dii^l***^;^*fcl*^"T>u;^SS&it>550°cSJS<Z)iaS 

[0015] 

mmiz^^9\-mmx'it'i-'^izmm-t^:iti3<x^fjii\ ^ezx. mn^^-rME^^^^tji- 

a-f^b^iSaL, C;Hlc<feyDy, Tb. Nd. Pr^<Z)^/'^;S^±I^^M(DJR«^ 



mi}um^titi:i'^mmmfdtm'i^^<i:^<j^^m^<Di,otm^L<.^^9\'mmzi^^ 

[0016] 

m^m(o<D^^mm(r>um.^x*tamu Ndi-Fe-Bm^mmit'^'mm^^nit7oo^85o''c 

[0017] 

*u^o ^fzs ^^m<omn^m%izit. mm. 7k. mm. -mt^mmomm-M. mm^ts^ 

iS>i.)lzmzitlfz^U—-^7\iy^7.rpVmm'?t^i\ 
[0018] 

[||£&0)J] 

mT. :^mmmmuzvt':>xnmizmmt^o 

llJtSfilll 

[0019] 



,/JX 



$0f 11 



"Wo 

[00203 

mijmi^mst\nmmmmizm\km^t}mit^^ib^ti^zt'^Bmv^^o 

[0021] 

i^mi^-izmm-r^ztx'Yb^m'^mt^it.zcoYbm^^izNd-Fe-Bmm^mmim 
^mlztmo^mzml^e^o''c^z^sl^x6o^mm-itmm■t^ztx\Yb^mf&^<DWJ:^ 

[0022] 

J^x^tos^il5LfcYb/Nd-Fe-B^^aatt«l!tl»^coas^s^^sgJtBr7ti:e)r/lc«^s*Hcj,a:^ 
Yb/Nd - Fe- B^^K1i^»l»ma>M^Kffl m$M3 o is^«2icf Bi6a>iiR^js^ ffl I ^TiR 

(Dl6l±(*Yb^Ma)J»^(1 193''C)0*5cfc^i*t^-efe'S)55O°C-t?KI::B^tls 600*CiU±-^l*«i: 

^mmtu^o mz8oo°aztsi^xmmr%>ztxm%^i±<D\^±itm.mtu^). mrnrn^^^ 

3 . 

Br=0. 98(T),^?S:^Hcj=712(kA/m).^::^X^«.;i/^— ||(BH)max=173(kJ/m )t 

$miz^i'^m,Ami^Mzti)^BMi^i)^ttji'Dtc(m^^m)o 

[0023] 

[^1] 







Br 


Hcj 


(BH)max 


Hk/Hc 














Oc) 


(T) 


(kA/m) 


(kJAn^) 


(%) 






0.95 


227 


48.8 


16.9 




550 


1.04 


294 


76.1 


23.4 




600 


1.16 


312 


103 


33.2 




710 


1.08 


502 


163 


48.3 




800 


0.98 


712 


173 


69.1 


fi(^5 


850 


1.01 


490 


147 


49.6 



[0024] 



[0025] 
[0026] 

m\zisLmmmmf^^Qoi>^mt\.xmm.^muz.m'mL^^omm<D^m.^ 

[0027] 
[0028] 

a2(C*|IWJT*#e)4xf=^aiS^(7>Yb/Nd-Fe-B?^ai4mi»^CO?S[m!f#14^^-ro ^Mji 
^Yb^LTM^SteLfcYb/Nd-Fe-B^^SI^^Jitl^^K (IS5|S^7) (DflSmif^ttli. ^S/TS<»YbO 

SA^fT^j:*:)'ti:A^of-^^(BS*46) letter, ^L<I6]±Lrt^^e Z(75$§mJ:ys !i^Jl2(ciB 
iica)i|X^)i^fflt\ lfeM/TS$-Yb,hLrftli®^li(B-rw<i:-C% at^fiam!f#1±^W-ri)Yb/Nd-Fe- 

[0029] 
[^2] 





Br 


Hcj 


(BH)max 


Hk/Hc 














(T) 


(kA/m) 


(kJ/m^ 


(%) 


^!iS|-6 


1.06 


294 


76.1 


23.4 




1.08 


502 


163 


48.3 



[0030] 

IIWJ4 

eio'Cs 60^^rM3l^JSLfciS*4^f^SlL(l«*49), «is^c^i?5iifc2l4<o?Km^^ 

[0031] 



[0032] 
[^3] 





Br 


Hcj 


(BH)max 


Hk/Hc 












CT) 


OcA/m) 


(kJAn3) 


(%) 




1.06 


442 


152 


51.0 




1.08 


502 


163 


48.3 



[0033] 

^SO. 9mm, rtgO. 3mm, Omm0Rj§i5|:^(7)Nd-Fe-B5^'MjiS?a^5filcJl^i*:^, 25* 

Lfco MIC. c<Di**4i&isiymL, mm1rs^lS7i(.i^ml^^^ppmi>^TlzmmLtzArmmn.<DM^ 

^P-l^^/K'^-^XcfJ, 900°CT?1 O^^Pb^S^^IIIS^, 610<'C-e20^P^7'— — -'UifflS^fT'tf-ofcCCO 

Oft^) o ff-bti^ciSJ^l 0a)fiatm#tt^*«aScDI*3|sKib^iS3|4)<D-ttL<!:«lwa 

[0034] 

[0035] 
[^4] 





Br 


Hcj 


(BH)max 


Hk^c 












(D 


CkA/m) 


(kJ/m^ 


(%) 




1.36 


1090 


283 


43.0 




1.36 


1040 


326 


62.1 



[0036] 

mmme 



iS-^fzo 
[0037] 

m.n^xsm^xyMmi,fzitwtunttiL^^ E.^i^s^sLml.tzun^^ti^xssrr^s(s^.m\.tzun^2.x 

[0038] 





Br 


Hcj 


(BH)max 


Hk/Hc 










CD 


(kA/m) 


(kJ/m^ 


(%) 


J:bi»l*J|Sf 


1.01 


490 


147 


49.6 




0.96 


314 


79.6 


33.9 


12 


0.99 


323 


85.2 


35.6 



[0039] 
[fl^O^^] 

mmtLxn&'t^ztXs iSi^mxt)-^'Disimm\ktj:m:f3n.7f^>m^tLxnmmx^i>tWi^ 

[0040] 

imn^^^iztn-f^i'Rmmizmi^fzmmcom^mxh^o 
imzmMm^miwb^mmMxmm^muzYbyNd-Fe-B^m^WLm^om'&m^^^ 

imMM^^mi\yb±mm^xmm^mLfzYbyNd-FQ-Bjkm^WLmm<o^m&^mx 

imi^Mm^mi\yb^mm%x9&m^mLfzybyNd-Fe-B^mi^WL^^<ommm^m 

<D^mitmmm0Nd-Fe-B¥km^mBm\zisif^mxib^o 
im5MM^^ml^.yb±mm%x7^o''c^zm^x6o^fMm^MLtzybyNd-Fe-B^m 

[@ci(0ffim4^i$i^] 



14«St»*Br®cDSEM¥K-efc^o 



[Ml] 





[MS] 



1.0 
•1.0 











i 1 ill 






• 











— (•) MS ciuom) 

<b) 660*C (Kill) 

{c)60a*C (B«2) 

{d> 710*C (tt«3) 

(e)600'C (ttIM) 

(r)S50*C(ltt«6) 



.1800 -1000 400 0 600 1000 1800 
H(kA/m) 



[ E14 ] 

10 of II 




D 30 flO so UO ISO 



